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1 

A METHOD AND A SENSOR DEVICE FOR MEASURING PARTICLE 
EMISSIONS FROM THE EXHAUST GASES OF A COMBUSTION 
ENGINE 

5 The invention relates to a method according to the preamble of the 
appended independent claim 1 for measuring particle emissions from 
the exhaust gases of a combustion engine. The Invention also relates 
to a sensor device Implementing the method according to the 
appended independent claim 8. 

10 

Background 

Exhaust gas emissions from traffic, particularly road traffic, constitute a 
significant part of hannful emissions inflicted by human activity on the 

15 environment. In addition to the detrimental gaseous emissions, such as 
cartjon monoxide (CO), hydrocarbons (HC) and nitrogen oxides (NOx), 
the fine particles contained in exhaust gases from vehicles have been 
found to be a significant health hazard, and therefore, certain upper 
limits for fine particle emissions have also been set by legislation. The 

20 trend Is to continuously and gradually reduce said limit values and 
simultaneously to bring them to a uniform International level. Authori- 
ties setting the limit values for exhaust gas emissions Include, for 
example, the European Commission and the United States Environ- 
mental Protection Agency (US-ERA). 

25 

Simultaneously with the development of combustion engine technology 
with the aim of always reducing the exhaust gas emissions, the control 
and diagnostic systems of the engines become more and more signifi- 
cant. A common concept in the field Is so-called OBD (On-Board Diag- 
30 nostlcs) sensors, which refer to sensors controlling the control systems 
of a vehicle and/or monitoring the function of certain components in the 
vehicle. 

OBD sensors will also be increasingly used to control that particle 
35 emissions from the exhaust gases of vehicles remain within allowed 
limit values. A particular application in view of this Invention is the 
checking, indication and/or control of the function of so-called 
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particulate traps used in the exhaust gas systems of vehicles. These 
paniculate traps are used especially in the exhaust gas systems of 
Diesel vehicles. Having collected particles for a given time, such a par- 
ticulate trap requires so-called regeneration, in which regeneration the 
5 particles contained in the particulate trap are typically burnt by methods 
Itnown as such, for example by increasing the temperature of the par- 
ticulate trap and by simultaneously introducing Into the particulate trap 
a sufficient quantity of air required for burning the soot particles. 

1 0 US 4,939,466 presents a measuring method and a device for Indicating 
the operation of renegenerating the particulate trap of a Diesel vehicle. 
The arrangement is based on the use of an electrical charge sensor 
placed after the particulate trap in the exhaust duct. The particles 
developed during the regeneration have a natural electrical, typically 

15 positive charge which can be detected by a sensitive charge sensor 
placed in the exhaust duct. According to the teachings of said refer- 
ence, the charge sensor can be an inductive annular electrode, or it 
may also have a net-like stmcture. The sensor is capable of detecting 
when the regeneration of the particulate trap occurs. 

20 

US 4,456,883 presents a method and a device for detennining the 
operation of a combustion engine by measuring particle emissions from 
the exhaust gases. The measuring arrangement comprises an electro- 
static sensor placed in the exhaust duct to detect the periodic particle 

25 emissions from the different cylinders of the engine on the basis of the 
natural charge obtained by the particles in connection with the com- 
bustion. The cyclic measurement result can be averaged to detennnine 
the average particle emission, or the measurement result can be ana- 
lyzed with respect to time to detect problems occurring in the operation 

30 of a single cylinder. 

In the above-mentioned techniques for detecting particles under 
exhaust duct conditions by utilizing the natural charging of the particles, 
problems are caused by the fact that the natural charging of the partl- 
35 cles is dependent on a large number of different factors, such as the 
quality of the fuel as well as, in a very complex way. the operating con- 
ditions and the loading of the engine. Furthermore, when a particulate 
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trap or filter is used before the measuring point, the measurement 
result Is also affected by the fact that the particulate trap or filter, as 
such, affects the electric charge of the particles passed through in a 
very complex way. 

5 

Solutions are also known from prior art which do not rely solely on the 
natural charging of particles contained in the exhaust gas but which 
use a separate charger for charging the particles before the measuring 
point. 

10 

JP 63255651 discloses a particle measuring sensor in which particles 
contained In exhaust gas are charged by a cathode electrode, and 
when they further impinge on an anode electrode, their electrical 
charge is detected on the basis of a sensitive current measurement. 

15 

JP 60100046 discloses a particle measuring sensor placed in an 
exhaust duct and comprising charging electrodes placed before meas- 
uring electrodes in the flow direction of the exhaust gas. By the high- 
voltage charging electrodes, particles contained in the exhaust gas are 
20 negatively charged before they are detected by the measuring elec- 
trodes. 

However, when a separate charger is used according to the prior art for 
charging the particles, the following problems will be caused in prac- 
25 tice. 

In principle, the exact measurement of the number of the particles will 
require that also the charge of the particles must be known exactly. In 
the solutions of prior art, the measurement result will be affected by the 

30 natural charge obtained by the particles in connection with the com- 
bustion, because said charge is added to the charge obtained by the 
particles In the charger. This will cause a significant Inaccuracy In the 
measurement result. The effect of the original, natural charge of the 
particles can be reduced by using sufficiently long retention times as 

35 well as a sufficiently high charge density for the particles in the charger, 
wherein all the particles are charged substantially In the same way, 
achieving a balanced charge. In practice, however, the result is that 
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Impractical large-size and powerful chargers must be used in vehiicles. 
Furthermore, such powerful chargers act, as such, partly in the manner 
of an electrical filter and tend to remove some of the particles to be 
measured from the range of the charger. Thus the particles accumu- 
5 lated in the charger induce both a measuring error and the soiling of 
the charger. 

In all cases, for measuring particle emissions on the basis of the elec- 
trical charge of the particles after a particulate trap or filter placed in the 

10 exhaust duct, one must measure relatively small currents, typically In 
the order of picoamperes, due to the relatively small number of the 
particles. This Is difficult to implement under the demanding conditions 
of the exhaust duct, particularly for the following reasons. First of all, 
the temperature of the exhaust gases is high, typically several hun- 

15 dreds of degrees centrigrade at the measuring point, which causes 
significant leakage currents in the insulators of the electrodes placed in 
the exhaust duct and, further, significant current noise and drift of bias 
currents due to the elevated temperature of the components at the 
measuring amplifier placed in the vicinity of the electrode. Secondly. 

20 the exhaust gases contain Impurities which soil the insulators. In the 
long run, the soiling of the insulators will increase leakage currents and 
noise In the current signal to be measured, thereby causing an 
increasing en-or in the measurement results. A quite significant problem 
in the measuring devices placed In the exhaust duct is the soiling 

25 induced by soot particles which may involve both actual clogging of the 
sensor structure and impairing of the insulation capacity of all the elec- 
trical insulators connected to the sensor. Moreover, the soot deposits 
Interfere with the operation of the ionization or charger electrodes. 

30 Brief description and most significan t advantages of the Invention 

It Is an aim of the present invention to solve the above-described 
prx)blems which are typical of the methods and devices of prior art, by 
implementing a particle measurement based on the use of a separate 
35 charger In a novel and inventive way. 
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In the invention, a charger Is used for charging particles, because in 
this way, the effect of a particulate trap or filter placed in the exhaust 
pipe system on the charge distribution of the particles which have 
passed it can be eliminated in a way known as such by charging the 
5 particles artificially first after said particulate trap or filter. However, the 
present Invention is also capable of simultaneously solving the follow- 
ing problems of prior art. 

The invention eliminates the need to use a powerful and thereby bulky 
10 and significantly electric power consuming charger for the purpose of 
preventing the original, natural charge of the particles from distorting 
the measurement result. At the same time, all the problems caused by 
the bulky and powerful charger are eliminated, Including the tendency 
of the high-power charger to collect particles like an electrical filter and 
15 thus to be soiled, as well as to involve the soiling of insulators and/or 
the actual clogging of the sensor. As the tendency of soiling Is reduced, 
the leakage currents from: the Insulators and the electrode structures 
are also reduced, which improves the accuracy and sensitivity of the 
measurement of small currents. 

20 

Thanks to the invention, the above-mentioned problems are solved at 
the same time by Implementing the charging of the emitted particles 
contained in the exhaust gas In a limited volume In the charger and by 
varying the mode of the charger, i.e. its charging power or way of 

25 charging, with respect to time in a cyclic or pulse-like manner. Now, by 
using a charge measuring means, the charge of the particles Is meas- 
ured as a difference value from the charges generated to the particles 
by the charger in at least two different modes. Typically, these two dif- 
ferent modes and the charge states of the particles obtained by them 

30 are such In which the charging power of the charger Is switched on/off 
or its way of the charging Is switched between negative charging and 
positive charging. 

To attain these purposes, the method according to the invention Is pri- 
35 manly characterized In what is presented In the characterizing part of 
the appended independent claim 1. The sensor device according to the 
Invention is, in turn, primarily characterized In what will be presented in 
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the characterizing part of the appended Independent claim 8. The 
other, dependent claims will also present some advantageous 
embodiments of the invention. 

5 By means of the invention, the electrical power required of the charger 
can be kept low. because of e.g. the fact that the charging takes place 
In a limited volume, but the measuring accuracy still remains good In 
spite of the possible original, natural charge of the particles, because 
the measurement is now based on detennining the difference value 

10 between two different modes. The original charge state of the particles 
does not have a substantial effect even in the case that the charging 
times of the particles in the charger are so short that the charge 
remains substantially below the balanced charge. Thanks to this fea- 
ture, it Is also possible to implement the charger In a compact physical 

1 5 size and simultaneously to avoid unnecessary soiling of the insulators 
and clogging of the sensor structures. At the same time, the "filtering 
effecr of the charger itself, that is, removing particles from the gas 
flow, and the error caused by It in the measurement result can also be 
eliminated. 

20 

Furthermore, in the use of the measuring method according to the 
Invention, the leakage cunrents from the Insulators do not affect the 
final result, because their effect Is automatically compensated for in the 
difference measurement. SImllarty, any drift of the measuring electron- 
25 ICS affecting the small cun-ents to be measured, as well as low- 
frequency noise from the measuring electronics, are automatically 
compensated for. 

The invention thus makes it possible to implement a sensor to measure 
30 the particle content of exhaus gases which is particulariy well suited for 
OBD use, the sensor also having a sufficient sensitivity for measure- 
ments to be taken after a particulate trap or filter. 

Because the Inventive and novel idea is. In this case, related partlcu- 
35 lariy to the cooperation between the charger and the charge measuring 
means used for detecting the particles charged by the charger, and a 
difference measurement to be taken between two different charge 
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States, both the charger and the charge measuring means can be 
implemented in a variety of ways which may also be known as such. 

Brief description of the drawing 

The Invention and its advantages will be more evident for a person 
skilled In the art from the appended more detailed description, in which 
the Invention is explained by means of selected examples and with 
reference to the appended figures, in which 

Fig. 1 shows, In a principle view, a first embodiment of the inven- 
tion, based on the use of a separate charger and a charge 
measuring means, 

15 Fig. 2 shows, in a principle view, another embodiment of the 
invention, in which the charge measuring means is imple- 
mented in connection with the charger, 

Fig. 3 shows, In a principle block chart, a third embodiment of the 
20 invention, based on the use of a thermal charger and elec- 

trostatic shielding, 

Fig. 4 shows, in a principle block chart, a fourth embodiment of 
the invention, based on the use of a thermal charger oper- 
25 ating in cycles, 

Fig. 5 shows, in a principle block chart, a fifth embodiment of the 
invention, based on the use of a gas flow for cooling and 
protecting from soiling. 



30 



Fig. 6 shows, in a principle block chart, a way of implementing 
the electrostatic shielding, and 



Rg.7 

35 



shows. In a principle block chart, another way of 
Implementing the electrostatic shielding. 
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nfttfliled description of the invention 

In the following, the invention will be described by using selected 
examples. However, it will be obvious that the invention is not limited 
5 solely to the embodiments specHically presented therein, but it is also 
possible to implement other embodiments by combining the principles 
shown in the examples in the scope of the claims to be presented 
hereinbelow. 

10 Separate charter placed before the charge measuring means in the 
exhaust duct 

In a first embodiment of the invention, a charger C is placed in an 
exhaust gas duct E as a separate component before a charge meas- 

15 uring means D in the direction of the current, as shown in principle in 
Rg 1 Figure 1 shows how the mode of the charger C. in this example 
case a corona charger, is changed in time by pulsing the voltage V 
generated by a high-voltage source HV. In addition to the high-voltage 
source HV, the charger C comprises an electrode HVE and a corona 

20 tip P which are placed In the exhaust gas duct E and between which an 
electric field is generated to charge the particles. The high-voltage 
supply of the electrode HVE through the wall of the exhaust gas duct E 
Is led through an insulator SC. A limited volume VT. in which the parti- 
cles are charged. Is produced according to the Invention by means of 

25 an electrode N with a preferably net-like design. In the charger C, the 
particles receive an auxiliary charge in addition to the natural charge 
which they have already before the charger. 

The net-like electrode N defines the limited volume VT in which the 
30 particles are charged, by preventing free ions developed In the charger 
C from escaping from the volume defined by the electrode N. Without 
the electrode N. these ions, which have not transferred their charge to 
the particles contained in the exhaust gas. would be carried along with 
the exhaust gas to the charge measuring means D and be added in the 
35 measurement result. Within the limited volume VT defined by the elec- 
trode N. the electric field is anranged to be such that the field prevents 
the free Ions from finding their way to and through the net-like electrode 
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N. However, said electric field has no significant effect on the move- 
ments of charged particles, wherein the electrode only restricts the dis- 
charge of free ions from the charger C. 

5 In Fig. 1, the charge measuring means D is an'anged to measure the 
cunrent I Induced In the ring-shaped measuring electrode DE as the 
charged particles are canied along by the exhaust gas through said 
ring. The current detected by the measuring electrode DE Is led 
through the insulator SD to an amplifier A. A similar charge measuring 

10 means is known from, for example, US patent 4,456,883. The meas- 
uring electrode DE placed in the exhaust duct can also be rod-like or 
net-like, as is known from e.g. US patent 4,939,466. Also other elec- 
trode stmctures for detecting charged particles, known as such and 
obvious for a person skilled In the art, are feasible. Figure 1 also shows 

15 how the current I detected by the charge measuring means D varies in 
time as a result of changes in the mode of the charger C. 

The essential feature In the Invention Is particulariy the cooperation of 
the charger C and the charge measuring means D utilizing the fact that 
20 the particles are charged In a way varying in time; therefore, both the 
charger C and the charge measuring means D can be implemented in 
a variety of ways which may also be known as such. 

More generally, the charging of the particles is based on the ionization 
25 of the gas canning the particles, in this case the exhaust gas, and the 
migration of the Ions thus produced onto the surface of the particles to 
be charged. This migration of the charges onto the surface of the parti- 
cles Is primarily based on the diffusion of the particles (so-called Brown 
diffusion) and/or an electric force generated by an extemal electric 
30 field. The gas carrying the particles can be charged in a number of dif- 
ferent ways, for example by Ionizing the gas with a radioactive (or other 
ionizing) radiation, by Ionizing the gas with an electric discharge {e.g. 
corona discharge shown in Fig. 1), by heating a surface interacting with 
the gas to a temperature at which the surface emits electrons or 
35 charged particles (so-called thermal emission), by a strong electric field 
generated onto a conductive surface interacting with the gas (so-called 
field emission), or by energetic light focused on a surface interacting 



wo 2004/113904 



PCT/FI2004/0S0099 



10 

With the gas (so-called photoemission). Yet another method, known as 
such. Is so-called direct photolonizatlon which is based on an electron 
emission caused by electromagnetic radiation, for example light, In the 
substance. 

5 

In connection with the present invention, It Is possible to use any of the 
above-mentioned particle charging methods or other methods obvious 
for a person skilled in the art, In the charger C. However, the corona 
charger, based on an electric discharge and shown in Fig. 1, is par- 

10 ticularly suitable for the purpose, because it can be used to produce 
relatively high ion densities in the exhaust gas and in the limited vol- 
ume VT In a stable way with reasonable electric currents and voltages. 
One essential advantage of the use of the corona charger is its prop- 
erty as such to prevent the accumulation of impurities in the electrode 

15 point P generating the charge. This feature is based on both electric 
forces and the protective gas flow (so-called corona wind) developing 
around the corona tip P. 

Surprisingly, the Inventors have also found that under the oxidizing 
20 conditions of exhaust gases from a Diesel engine, the corona dis- 
charge also has a directly cleaning effect on the corona head P in 
addition to the fact that the corona discharge slows down the accumu- 
lation of impurities on said electrode. This makes it possible to keep the 
corona tip P clean also in long-term use, which is essentially important 
25 in view of OBD applications. Obviously, this phenomenon Is based on 
the effect of the oxidizing radicals produced by the electric discharge to' 
bum off accumulating soot in the oxidizing gaseous atmosphere. 

In the arrangement according to the Invention, In which the charge Is 
30 produced in cycles by switching the charging power of the charger C 
on and off, the corona tip P may still be soiled during the cycles in 
which the discharge is not on. If necessary, this problem is solved in an 
advantageous embodiment of the Invention by implementing the 
switching between a positive and a negative corona current instead of 
35 alternating the charging event by switching the corona current on and 
off. Thus, the corona current that prevents the soiling of the corona tip 
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P is always turned on, and only the direction of the cun-ent varies in 
cycles. 

In the arrangement of the invention, the charge measuring means D 
5 used for detecting charged particles can also be implemented in sev- 
eral ways different from what Is presented In Rg. 1 and in the following 
examples. If necessary, there may also be several charge measuring 
means D, wherein the measurements con-esponding to the different 
modes (charging power or way of charging) of the charger C are taken 

10 with different charge measuring means, and the difference value 
between at least two different charge states according to the Invention 
is determined, for example, from signals given by two different charge 
measuring means. In the invention, it is also possible to use more than 
two different charge states, wherein it is also possible to calculate sev- 

15 eral difference values. In this way, it is possible to improve the accu- 
racy of the measurement result, such as linearity, In certain situations. 

Charge measuring means implemented in connection witti the charger 

20 In another embodiment of the invention, the charger C and the charge 
measuring means D are Integrated In a single compact structure as 
shown in principle in Fig. 2. 

In the embodiment of Fig. 2, the total charge obtained by the particles 
25 In the charger C can be measured by measuring the net current dis- 
charged from the charger C. To measure this low (in the order of 
picoamperes) discharged net cun'ent, the charger C must be separated 
galvanically from the rest of the system, and the cunrent measurement 
must be an-anged between the galvanically separated charger C and a 
30 part in a galvanic connection with the exhaust gas duct E (the wall of 
the same). 

In Fig. 2, the charger C is galvanically separated from the rest of the 
system by means of an isolation transfomier T and an insulator SC. 
35 The measurement of the discharged net current Inet is arranged by an 
amplifier A to one electric pole of the charger C (the other pole is 



wo 2004/113904 



PCT/FI2004/050099 



coupled to the electrode HVE). The amplifier A now measures the 
current discharged along with the charged particles from the charger C. 

Instead of a corona charger, in the embodiment of Rg. 2 It is also pos- 
5 sible to use a so-called spark charger. In which the gas sample con- 
taining particles in the sample volume VT defined by the net-llke elec- 
trode N is charged by impinging it with quick electric discharges or 
electric breakdowns at Intervals by high-voltage pulses. Even though 
these electric discharges produce both positive and negative ions in 
10 the gas. the result Is - depending on the shape and size of the elec- 
trode arrangements - still a net charge with either sign. An advantage 
in the use of such a spark source Is its effective self-cleanabllity and 
the Insensitivity of the electric discharge phenomenon to the soiling of 
the structures and the electrodes as well as to defomiations due to the 
1 5 wearing of the electrodes. 

The above-presented pulse-like ion production and the charging of the 
particles on the basis of that is naturally very suitable for companng 
two charge states by using an alternating current (AC) coupled meas- 
20 uring method, wherein It is possible to avoid the difficulties Involved in 
measuring a direct cunrent signal. 

Implementation of the charger on the basis of thermal emission 

25 In a third embodiment of the invention, the operation of the charger and 
the ionization of the gas are based on the utilization of themfial emis- 
sion Figure 3 shows, in a principle view, an arrangement suitable for 
this purpose, in which the charger C and the charge measuring means 
D are combined in a way slightly similar to that In the embodiment of 

30 Fig. 2. 

In the embodiment of Fig. 3. the charger C comprises two other elec- 
trodes In addition to the net-like electrode N, namely a tiiermal ioniza- 
tion electrode ET and a shielding electrode EG. whose mutual potential 
35 difference or Its polarity can be varied in cycles. The ionization elec- 
trode ET Is arranged to be heated, for example by resistive heating. 
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Wherein Its hot/Incandescent surface Is used as a means for ionizing 
the gas/particles. 

When the potential Vt of the Ionization electrode ET is greater than the 
5 potential Vg of the surrounding shielding electrode EG, the negative 
Ions produced thermally by the Ionization electrode ET can move into 
the range of the electrode N and thereby into the space detected by the 
current measurement implemented by means of the amplifier A. On the 
other hand, when the potential Vg of the electrode EG is greater than 
10 the potential Vt of the electrode ET, the entry of negative ions Into the 
range of the electrode N and to be measured is prevented. In this way, 
using the AC measuring method, the cycling of the mode of the charger 
C in time can be Implemented by cycling the internal electric fields of 
the sensor, depending on the voltage Vt and Vg. 

15 

Another way to cycle the function of the thermal charger C is to pulse 
the heating of the surface that emits charged particles (electrons, Ions), 
for example the Ionization electrode ET. Figure 4 shows, In a principle 
view, an anrangement In which the heating cunrent It of the Ionization 

20 electrode ET Is varied In time to charge the particles in cycles. In this 
way. It Is also possible to combine the production of ions needed for 
the charging and the cleaning of said surfaces from soot. It should also 
be noted that heat Is also transferred by radiation from the heated 
(incandescent) ionization electrode ET to the insulator surfaces SC, HC 

25 in the vicinity, which makes It easier to keep them clean and thus 
reduces the leakage currents Interfering with the measurement. 

Other useful Ion sources include a gas-ionlzing radioactive source, 
such as a beta radiator or an Am**^ alpha radiator. The pulsing of 
30 the Ion production can be achieved by an an-angement similar to that 
presented above for a themial Ion source In connection with Fig. 3 by 
coupling Inner electric fields of the sensor. These electric fields can 
also be utilized in connection with other charging methods as, for 
example, in the use of a corona charger. 

35 

It will be obvious for a person skilled in the art that very high purity 
demands are set partlculariy for all those electric Insulators which are 
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surpassed by leakage currents which sum to the signal I, Inet to be 
measured. Under the conditions of the exhaust gas duct E. the 
increase in the temperature of the Insulators also typically impairs their 
insulation capacity. Due to the low cun-ents to be measured, It is 
5 necessary to place the measuring electronics In the immediate vicinity 
of the charge measuring electrode/electrodes, wherein the high tem- 
peratures in the exhaust gas duct of the vehicle also cause heating of 
the measuring electronics. This will Increase e.g. noise caused by the 
measuring electronics. 

10 

The problems of impaired insulation capacity caused by the too high 
temperature of the electronics and the soiling and heating of the insu- 
lators are solved, in one embodiment of the invention, by combining the 
principles of air cooling of the electronics and the insulators as well as 
1 5 of protective air blowing to prevent soiling of the insulators. 

Figure 6 shows, in a principle view, an arrangement In which the insu- 
lator SC is made of a porous, gas-permeable material. The amplifier A 
and the high-voltage source HV Including the measuring electronics 

20 are placed in a common housing B In such a way that when a gas 
(typically air) for cooling the measuring electronics Is blown into the 
housing B, said gas Is discharged completely or partly via the insulator 
SC Into the exhaust gas duct E. The gas discharged through the insu- 
lator SC effectively prevents the surface of the insulator from being 

25 soiled at the same time when the gas cools both the Insulator SC and 
the components inside the housing B. 

As the charger of Fig. 5 Is one based on the use of diffusion charging, 
i.e., for example a corona charger, it is possible to operate in such a 

30 range of ion content and charge volume that the charging of the parti- 
cles Is substantially dependent on the product of the Ion density and 
the charging time only. In this situation, In the an-angement shown In 
principle In Rg. 5, the discharged charge (net current Inet) detected by 
the amplifier A is proportional to the particle content, irrespective of the 

35 rate of the gas flow passing through the charge volume defined by the 
net-like electrode N. In the comparative measurement to be taken for 
the difference measurement, it Is possible to eliminate the effect of the 
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Original charge of the particles on the measurement result. This Is 
realized particularly well when the cyclic coupling of the mode of the 
charger Is made between the positive and the negative charge polari- 
ties. 

5 

In the following, we shall still discuss in more detail some facts to be 
taken Into account In the Implementation of sensor structures according 
to the invention. 

10 The relative lengths in time of the charging cycles generated by the 
charger C (charger on/off cycles) may vary freely as required by each 
application. Said lengths in time may also be equal, wherein the 
charger operates at a pulse ratio of 1:1. The power of the charger In 
said charging cycles can also be selected to be other than 0 or 100 %. 

15 If necessary, the charging power may also be varied in cycles between 
more than two different power levels. The frequency of the successive 
charging cycles may be selected according to the application In ques- 
tion, for example from 0. 1 to 1 0 Hz. 

20 Figures 6 and 7 show, in principle, solutions which further improve the 
electrostatic shielding of the sensor device according to the Invention 
as well as reduce further the escape of Ions from the sample volume 
VT. 

25 One significant function of the net-like electrode N is to reduce stray 
capacitance which is developed between the electric field generated by 
the electrode HVE and the wails of the exhaust gas duct E. This stray 
capacitance, which Is illustrated in Fig. 6 by a capacitor CA drawn by 
broken lines, affects the current Inet to be measured, causing a meas- 

30 urement error. Another function of the net-like electrode N Is to use the 
electric field formed Inside it to prevent the escape of free electrons 
from the sample volume VT, as already described above. To achieve 
these aims related to the electric function of the electrode N, the net- 
work or the like formed by the electrode N should be as dense as pos- 

35 sible, wherein it is more difficult for the exhaust gas and the particles 
contained in It to flow through said electrode N, and the structure of the 
electrode may even be clogged completely. 
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In view of both the electronics and the flow technology, an optimal 
function is obtained by the arrangement of Fig. 6, in which the net-like 
electrode N defining a limited sample volume VT is enveloped by yet 

5 another net-like auxiliary electrode NS. Now, these electrodes N, NS 
together constHute an effective electrostatic shielding to prevent stray 
capacitance CA, and they also prevent efficiently the escape of free 
ions from the sample volume VT. even though the net-like or othenrtrise 
perforated structure of the electrodes were anranged to be loose/sparse 

10 by increasing the number/size of openings therein, wherein they are 
not clogged and do not prevent the flow of the exhaust gas and the 
particles through the sample volume VT. In view of the function in the 
sense of electric and flow technology, the combination of two or more 
successive sparse net-like electrodes N, NS provides a better com- 

1 5 promise than merely one electrode. 

As shown in Fig. 6, the outer auxiliary electrode NS can be electrically 
coupled to the electrode N or, as shown in Fig. 7, a potential -V differ- 
ent from the electrode N can be coupled to the auxiliary electrode. 

20 ^ . 

It will be obvious for a person skilled in the art that In the sensor device 
according to the invention, the charge obtained in the sample volume 
VT by the single particles contained in the exhaust gas may be either 
the balanced charge or one below it. With a sufficient retention time of 

25 the particles, the particles obtain a balanced charge when passing 
through the sample volume, wherein the measurement result is primar- 
ily dependent on the product of the flow rate of the exhaust gas and the 
particle density. In a situation in which the retention time of the particles 
in the sample volume VT is shorter than that needed for producing the 

30 balanced charge, the measurement result is dependent on the product 
of the charge density of the sample volume VT and the retention time. 



